Summary 

Thermodynamic functions for Si(OH) 4 (g) and SiO(OIi) 2 (g) have been measured using the 
transpiration method. A second law enthalpy of formation and entropy and a third law 
enthalpy of formation has been calculated for Si(OH) 4 . The results are in very good 
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Thermodynamics of the Si-O-H System 

Nathan S. Jacobson and Elizabeth J. Opila 
NASA Glenn Research Center 
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Silicon-oxygen-hydrogen gas phase species are important in a variety of applications, 
including high temperature corrosion of Si0 2 forming alloys and ceramics in water vapor 
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Allendorf et al. 6 ’ 7 report theoretical heats of formation at 298.15 K and Gibbs free energies 
of formation for a range of Si-O-H gaseous species. Free-jet expansion sampling mass 
spectrometry was used to study the interactions of Si0 2 with water vapor. 10 Clear evidence 
of Si(OH) 4 (g) as well as some evidence of SiO(OH) 2 (g) was seen. 


Figure 1. Schematic of transpiration apparatus 
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chamber (point 3) is the above expression with the addition of Q si , which is small in 
comparison to 0 W + g Ar , so we can take / 3 =/ 2 . The pressure of Si-containing species 
leaving the reaction chamber (point 3) is given by: 

p* Qsi or p* _ QsW 

Qav “I" 6jF Qsi ^3 


Figure 2. Dependence of the Si-O-H species pressure 

on P(H z O). 
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P(H 2 0) dependence < 2 at higher temperatures suggests an additional 
reaction besides lc is important at these temperatures. 


Figure 3. Effect of oxygen on P(Si-OH) at 1673 K 
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Lack of P(0 2 ) dependence indicates reaction 1 a is not important. 


Figure 4. Temperature dependence below 1673 K 

for the reaction 

Si0 2 (s) + 2H 2 0(g) = Si(OH) 4 (g) 
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The calculations of Allendorf et al. 6 ’ 7 allow the derivation of the 
free energy function for a third law calculation of A r H°(298). 
Their thermal functions listed on the Web 7 can be used to extract 
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See Table I for calculated enthalpies. 


Table I. Calculated enthalpies of formation and 

entropies of Si(OH) 4 (g) 
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fFEF from Allendorf et alS 1 


Figure 5. Pressures of SiO(OH) 2 at 1673 K. 
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Figure 6. Pressures of SiO(OH) 2 at 1728 K. 
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The calculations of Allendorf et al. 6 > 7 were also used to calculate 
FEF(SiO(OH) 2 ). Using JANAF 12 data for Si, 0 2 , and H 2 the 
FEF(SiO(OH) 2 ) is determined to be: 
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Table II. Enthalpy of formation of SiO(OH) 2 from this 

study and other studies. 
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Summary and Conclusions 

Thermodynamic functions for Si(OH) 4 (g) and SiO(OH) 2 (g) have been measured using the 
transpiration method. A second law enthalpy of formation and entropy and a third law 
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Derek Johnson - silicon analysis 


